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RESEARCH :MEMORANDUM

TESTS OF SUBMERGED DUCT INSTALlATION ON A

JlODIFIED FIGHTER AIRPLANE IN THE AMES

40- BY eO-FOOT 'WIND TUNNEL

By Norman J. Martin

SUMMARY

An investigation ot an NACA submerged intake installation on
a moditied tighter airplane was oonduoted to determine the fUll­
soale aerodynamio oharaoteristios of this installation. In addition.
tests were oonduoted on the submerged inlet with revised entranoe
lips and detleotors to determine the oonfiguration whioh would
result in the best dynamio pressure reoovery measured at the inlet
tor this installation without a major rework ot the entranoe.

Stalling ot the air flow over the inner lip surfaoe oreated
exoessive dynamio pressure losses with the original entranoe. The
revised entranoe produoed a l2-percent inorease in dynamio pressure
reOOVery at the design high-speed inlet-velooity ratio and resulted
in an improvement ot the oritioal-speed oharaoteristios of the
entranoe lip. A oomplete redesign of the entranoe inoluding a
deorease in ramp angle and adjustment of lip oamber is neoessary to
seoure optimum results from this submerged duot installation.

INTRODUCTION

An investigation of NACA-type submerged air intakes installed
on a modified fighter airplane was oonducted in the Ames 40- by
eO-foot wind tunnel. The speoifio purpose of the investigation "MlS

to provide inlet data tor applioation to performance estimates of
the airplane. In addition the investigation was to serve a more
general purpose of providing fUll-scale information on this type of
inlet.
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2 no... RM No. A7I29

. Because o~ structural requirements. the submerged intakes
fW'nished by the Danufacturer deviated considerably from :the design
recommended as optimum on the basis o~ small-ecale tests (reference.
1 and 2). The extent of these deviations can be seen in figure 1.
These deviations tram optimum design reduced considerably the value
of the investigation in providing needed full-scale in~ormatian on
fiush inlets. The evaluation of the Reynolds number effect also
could not be expect.ed to be satia.f'actory. because the intakes as
installed did not correspond exactly to any small-scale installation
that had been investigated. The objeotive o~ the tests was there­
fore reduced to an evaluation of the oharaoteristios of one specifio
full-scale installation plus the effeots o~ minor modifioations
whioh could be made on it.

SYMBOLS

c:r. angle of attaok referred to fuselage center line.
degrees

lift ooefficient (L)
qS

H total pressure [p+q(l+~)]. pounds per square toot

AH loss in total pre~sure. pounds per square foot

L lift of airplane. pounds

M Mach number (:)

p static pressure. pounds per square foot

P pressure coefficient (p;:o ).

p mass density of air. slugs per oubio foot

q dynamio pressure (!Pya). pounds per square toot

S wing area. square feet

V velocity. feet per seoond

a velocity of sound. feet per seoond

..Ih ILSIt£&ll
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V
1

JVo inlet-velocity ratio

l~/qo dynamio pressure-reoovery ooe:tfioient

oompressibility faotor

SUbsoripts

1 oondition. at entranoe

o tree-stream condition

...)

DESORIPlION OF MODEL .1ND APPARATUS

The modified fighter airplane with !lush intakes replaoing wing
leading-edge intakes is a single-plaoe fighter airplane designed to
be powered with a reoiprocating forward engine and a jet-propulsion
engine in the fuselage. A three-view drawing showing the prinoipal
dimensions of the airplane is presented in figure 2. the inoidenoe
of the wing referred to the airplane referenoe line 1. 1°.

Tests of the sul::merged duot entrance were _de with 1;he
propelier removed and the jet engine replaoed by a variable-speed
axial-f'low blower. Thi~ axial-flow blower provided a means of
varying the inlet-velooitT ratio trom 0.4 to 1.6 (based on a total
intake area of 1.47 sq f't) at the free-stream velocity of the tests.
The air flowing in the intake system was disoharged at the rear of
the airplane by means of a tail pip. similar to t.hat existing on
the airplane.

Pressure reoovery: at the entranoe was measured by a rake
oonsisting of 189 total-pressure tubes and ~8 static-pressure tubes
(fig. 3). The total-pressure tubes were oonnected to an integrat­
ing manometer. Statio-pressure distribution was obtained by means
of flush oritioes built into the airplane and oonneoted to water­
in-glass manometers. All pressure measurements were reoorded
photographically.

Modifioations were made to ~he original inlet by rotating the
entranoe lip outward and ohanging the defleotor length and height.
A oomparison of the original installation and the final form of the
revised lip is shown i~ figure 4. A photograph of the revised
installation is s-hown in figure 5. The condition of a simulated
basio fuselage without submerged ducts was obtained by installing a
flush oover plate Whioh effeotively sealed these entranoes. A
photograph of the airplane with the flush cover plate installed is

..EiDEM T



4 111'111111" NACA RM No. A1129

shown in figure 6. Boundary-layer measurements were made on this
simulated basic fuselage by means o~ three rakes installed at the
entranoe looatipn. one at the oenter line of the ramp. one 10 inohes
above the oenter line. and one 10 inohes below the oenter line.

TESTS

Tests were first oonduoted on the simulated'basio fuselage to
determine the pressure distribution and boundary layer of the
basic fuselage at the entranoe looation to oompare with those of
small-soale tests. Following these measurements. tests were made
on the original submerged entranoe to determine values of dynamio
pressure recovery at the submerged duot entranoe and pressure
distribution along the oenter line of the ramp and over the inner
and outer surfaoes of the entrano~ lip. Following the deteotion
of stall along the inner surface of the original liP. a series of
developmental tests were made to determine the best lip angle and
defleotor size for this submerged duotinsta.llation. All data
ware obtained throughout the angle-of-attaok range o~-2° to 60

and inlet-velooity ratio range of 0.4 to 1.5 at a stream velocity
of approximately 100 miles per hour. The design high-speed
inlet-velooity ratio is 0.7.

RESULTS AND DISCUSSION

The arithmetio average values of dynamio pressure reooveries
at the submerged duot entrance for the original and modified
installations are presented in figure ,7 for zero angle of attaok
and are tabulated in table I for other angles of attack. Pressure
distributions over the original and modified entrance lips are
shown in figure 8. The results of mee,surements of the boundary
layer on the simulated basic fuselage at the entranoe looation are
shown in figure 9. The oritical Mach number of the lips (fig. 10)
were determined from ~asured pressure ooeffioients and oomputed
following the method given in referenoe 3. Pressure distribution
over the basio fuselage and along theoenter line of the ramp are
presented in figure 11 for zero angle of attaok. Tabulated values
for other angles of attaok are presented in table II.

For the original installation the dynamio pressu~e-recovery

charaoteristics were very unsatisfaotory. At zero angle of attaok
the dynamic pressure reoovery was 79 peroent at an inlet-velocity
ratio of 0.5. 76 peroent at an inlet-velooity ratio of 0.7. and
18 percent at an inlet-velocity ratio of 1.5. Small-soali tests
(referenoe 2) have indioated that muoh higher maximum pressure

11......lrllI.
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recoveries and muoh smaller deoreases in pressure reoovery with
increases in inlet-velocity ratio can be obtained frOtD. inetallations
of this same general type.

An investigation of the pressure distribution over the lip
revealed that stall was ooourring over the lip inner surface (fig.
8(a)) at approximately the design inlet-velooity ratio of 0.7_
thereby preventing a reasonaOle dynamic pres$ure reoovery (observe
differenoe in pressure distribution between unstalled inner lip &t
inlet-velocity ratio of 0.6 and stalled lip at inlet-velooity ratio
of 0.8). Visual observation of the manometer boards measuring
total pressure distribution across the intake confirmed the exist­
enoe of this stalled condition near the lip inner surface. It was
felt that this stalled oondition might be due to an unsatisfaotory
lip shape. lip angle. ramp angle. defleotor shape. or a combination
of these variables. Beoause the modified fighter airplane employ­
ing these inlets was near the flight-testing stage. it was deoided
to try to prevent the lip stall by ohanges not requiring a major
rework of the inlets. The modifioations were limited_ therefore.
to lip-angle ohanges and deflector changes.

The i'irst change made to the inlets was to remove the defleo­
tors. Th;s change Tesul ted in no improveme nt in the dynamio
pressure reoovery (fig. 7) and stall continued to ocaur on the
inner lip suri'aoe at inlet-velooity ratios greater than 0.7. Then.
with the defleotor reinstalled. the lip angle was ohanged as shown
in figure 4. This ohll.nge oorreoted the inner lip stall although
peak negative pressures still were looated over the inner lip
surfaoe. (See lip pressure distributions of fig. 8(b).) The
elimination of stall improved the dynami~ pressure reoovery by
5 percent (from 76 peroent to 81 peroent) at the design inlet­
velooity ratio of 0.7 and resulted in much greater improvement at
higher inlet-velocity ratios where stall oocurred previously
(fig. 7).

With "the elimination or lip stall~ the next problem was to
determine the possibility of raising the general level of the
pressure recovery by either ·fur1;h.er lip angle change or by
modification of the deflectors. Sinoe the lip angle had already
been charige d as muoh as possible without causing a serious
protrusion of the lip outer surfaoe from the fuselage surface.
atten"tion was turned to possible modii'ications of the original
defleotors whioh were as ineffective with the revised lips as with
the original lips installed. I"t was antioipate~~ from oonsideration
of the results of small-scale tests. that a revision of the deflec­
tors would result in an improved dynamio pressure recovery. Suoh
was found to be the case. The final form of the revised deflectors

...trlll j .11II1!i121>&
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improved the pressure reoovery an additional 7 peroent (from 81.0
peroent to 88.0 peroent) at an inlet-velooity ratio of 0.7 (fig. 7).
However. at inlet velooities greater than 0.95 the use of the
revised defleotors resulted in a deorease in pressure reoovery. It
was observed that the revised defleotors produoed an inorease in
downflow angle with oonsequent increase in negative pressure peak
values on the lip at inlet-velocity ratios greater than 0.8. The
inorease in the negative pressure peaks near the leading edge of
the entranoe lip inoreased the adverse pressure gradient in the air
moving over the lip' inner surfaoe. This inoreased adverse pressure
gradient, over the lip inner surfaoe tended to produoe lip stall and
loss in dynamio pressure reoovery. The deorease in dynamio pressure
reoovery with inorease in inlet-velooity ratio did not ooour in
small-soale tests ot defleotor shapes. However. small-soale tests
ware made with lower ramp angles and les8 lip oamber and did not
exhibit these negative pressure peaks ~ver the lip inner surfaoe.
Therefore. it was oonoluded that it further improvement in pressure
reoovery is desired a oomplete rework of the inlets will be
neoessary. the required rework oonsisting of a decrease in ramp
angle and an adjustment in lip oontour to eliminate the high
negative pressure peaks on the lip inner surfaoe. With the
exoeption of defleotor shape. the reworked inlet would correspond
to the inlet originally recommended on the basis of small-soale
tests.

Revision of the submerged duot entranoe also resulted in an
improvement in the oritioal-speed oharacteristics of the inlet lip.
As first tested. the lips exhibited peak pressures on ths inside
and ot such magnitude that oomputations indioate that the oritioal
speed would have beenexoeeded at the design .high-speed operating
conditions (fig. 10). With the revised entrano's the peak pressures
were reduoed to suoh an extent that the oomputed oritioal speed of
the lips remained above the design operating speed as shown in
figure 10.

CONCLUSIONS

As the result of tests oonduoted on a modified fighter airplane
with flush intakes replaoing wing leading-edge inlets. oonolusions
were made as followsz

1. Exoessive dyn~io pressure 108ses with the original eub­
merged duot entranoe resulted from stalling of the air flow over the
lip inner surfaoe.

"IIIl IDLJI Bill
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2. A revision to the entrance lip and deflectors resulted in
a 12-percent inorease in dynamic pressure recovery at the design
inlet-velocity ratio of 0.7 and much larger increases in dynamic
pressure reoovery at higher inlet-velocity ratio8.

3. The modified ent'ranoe resulted in an improvement of the
critioal-speed characteristios of the entrance lips.

4. A oomplete rework of the entrance including a deorease
in ramp angle and adjustment in lip oamber is required to seoure
optimum results from this submerged duot installation.

Ames Aeronautioal Laboratory~

National Advisory Committee for Aeronautios~

. Moffett Field~ Calif.
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TABLE I .. - THE VARIATION OF DYNAMIC PRESSURE RECOVERY "NITH THE
ANGLE OF ATTACK AND THE U'LET-VELOCITY RATIO, PROPELLER
REMOVED. MODIFIED FrGI:ITER AIRPLANE.

Original Installation

i~ -2 0 2 4 6

0.49 0.570 0.791 0.841 0.785 0.752

.6 .•571 .786 .845 .809 .760

.8 .• 696 .732 .758 .760 .738

1.0 .593 .644 .683 .672 .647
1.25 .405 .467 .498 .506 .486

1.5 .089 .178 .219 .244 .212

Revised Lips and Defleotors

~ -2 0 2 4 6

0.4 0.677 0.909 0.927 0.819 0.761

.6 .763 .910 .910 .832 .766

.8 .763 .849 .855 .821 .766

1.0 .707 .780 .809 .790 .738

1.25 .642 .703 .731 .730 .699

1.5 .617 .676 .700 .680 .645

NATIONAL ADVISORY
COMMITIEE FOR AERONAUTICS.
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TABLE II.- THE VARIATION OF PRESSURE COEFFICIENT OVER THE BASIC FUSELAGE
AND ALONG THE CENTER LINE OF THE 1WIP WITH THE ANGLE OF ATTACK AND TEE
INLET-VELOCITY RATIO. PROPELLER REMOVED. MODIFIED FIGHTER AIRPI..Alm.

a. '!' _2 0

Distanoe Inle't-ve1ooity ratio. V1/Vo
forward
lip 13&810
leading 0 0.4 0.6 0.8 1.0 1.25 1.6 fuse-
edge (in. ) 1age

-2 0.381 0.343 0.252 -0.126 -0.568 -1.340 -2.433 0.126
1i .430 .219 .231 .042 -.252 -.660 -1.231 .084

4a- .408 .257 .231 .126 .021 -.206 -.474 .063
7-!r .301 .193 .189 .126 .042 -.103 -.247 .042

101 .236 .172 .147 .063 0 -.103 -.186 .021

131 .301 .086 .042 -.063 -.110 -.185 -.247 0

16i .301 .021 -.063 -.147 -.189 -.268 -.309 0

19i .236 -.086 -.147 -.231 -.274 -.330 -.371 0

31 -.107 -.300 -.295 -.336 -.336 -.371 -.392 -.021

36l -.129 -.257 -.252 -.294 -.294 -.309 -.309 -.084

471 -.172 -.236 -.231 -.063 -.042 -.247 -.268 ---
5ci -.215 -.257 -.274 -.294 -.294 -.289 -.289 ---
54 -.279 -.322 -.295 -.316 -.316 -.309 -.309 ---
56 -.344 -.364 -.336 -.358 -.358 -.351 -.371 ---

NATIONAl ADVISORY
COMMITTEE FOR AERONAUTICS.
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(

fABLE 11.- Continued. )!odi£ied Fighter Airplane.

.-----.....<--......... a. • bO
\

Distanoe ) Inlet-~elocity ratio. Vl/VOforward
lip ..

IB.sic
leading - 0 0.4 0.6 0.8 1.0 1.26 1.6 tu.e-. ,

1ageedge (in. 1

'--;:2 0.647 0.636 0.236 -0.1'07 -0.648 -1.368. -2.330 O.lM

1i .610 .408 .236 .042 -.168 -.663 -1.196 .123

4:i .610 .34:3 .236 .160 .042 -.189 -.464 .082

1i .606 .236 .214 .129 .063 -.106 -.227 .061

1e>! .337 -.172 .128 .063 .04:2 -.106 -.166 .041

lsi .316 .086 .021 -.063 -.084 -.189 -.241 .020

1&1 .252 -.043 -.101 -.189 -.168 -.263 -.330 .020

19t .141 -.129 -.193 -.369 -.252 -.337 -.392 .020

31 -.189 -.322 -.344 -.337 -.316 -.379 -.~92 0

3al -.189 -.279 -.300 -.296 -.274 -.316 -.309 -.041

41i -.211 -.236 -.261 -.262 -.231 -.253 -.247 ---
60l -.231 -.279 -.279 -.296 -.252 -.274 -.268

.---
64 -.273 -.300 -.322 -.316 -.274 -.316 -.309 ---
56 -.316 -.343 -.366 ';'.331 -.316 -.368 -.361 ---

NATIONAL ADVISORY
COMMITIEE Faa AERONAUTICS.
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'fABLE II. - .Con"tinued. :Modified Figh"ter Airplane.

.-
a. • 20

Distanoe
V1/VOforward In1e"t-velooi"ty ra"tio.

lip Basio
leading a 0.4 0.6 0.8 1.0 1.25 1.6 tuse...
edge (in. ~

4
lage

-2 0.568 0.547 0.252 -0.107 -0.569 -1.389 -2.351 0.147

~i .610 .421 .252 .086 -.189 -.663 -1.134 .10p

4i .610 .358 .274 .267 .063 -.189 -.412 .106

7i .526 .274 .231 .129 .063 -.105 -.206 .063

lei .379 .211 .147 .064 0 -.084 -.144 .042

13i .316 .105 .042 -.064. -.106 -.168 -.2.2_7. .021

lsi .274 0 -.084 -.125 -.189 -.232 -.309 .042

1~ .147 -.105 -.168 -.257 -.294 -.337 -.371 0

31 -.189 -.274 -.316 -.343 -.357 -.379 -.371 0

36l -.189 -.232 -.274 -.300 -.294 -.295 -.289 -.042

471- -.189 -.211 -.231 -.257 -.252 -.253 -.227 ---
sci -.232 -.232 -.274 -.279 -.274 -.263 -.268 ---
54 -.274 -.274 -.295 -.323 -.316 -.316 -.309 ---
66 -.316 -.295 . -.366 -.343 -.336 -.337 -.330 ---

NATlONA.L ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE II.- Continued. Modified Fighter Airplane.

a. • 4: 0

Distanoe Inlet-velooity ratio, V1/VO.forward
lip &sio
leading 0 0.4: 0.6 o.a 1.0 1.25 1.5 f'use-
edge (in.) lage

-2 0.516 0.4:63 0.252 -0.086 -0.579 -1.368 -2.351 0.147

li .537 .358 .231 .086 -.193 -.632 -1.093 .105

41- .537 .295 .252 .172 .064 -.358 -.392 .063

7i .472 .253 .210 .129 .086 -.084 -.186 .063

lei .387 .232 .147 .086 .021 -.084 -.144 .042

131 .343 .126 .042 .... 064 -.107 -.168 -.247 O.

lsi .279 .021 -.084 -.lS0 -.193 -.274 -.309 .021

19i .150 -.105 -.189 -.219 -.300 -.368 -.371 -.021

31 -.193 -.295 -.316 -.343 -.343 -.379 -.371 0

36l -.193 -.253 -.274 -.300 -.300 -.316 -.289 -.042

47l -.193 -.232 -.252 -.236 -.257 -.253 -.247 ---
5ci -.236 -.253 -.274: -.219 -.279 -.29.5 -.268 ---
54 -.301 -.295 -.316 -.322 -.324 -.337 -.309 ---
56 -.322 -.316 -.336 -.343 -.343 -.358 -.330 ---

NATIONAL ADVISORY
COMMITTEE FOR AERONAUT ICS.
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Ul3LJ: II.- Cono1uded. lIoditied' Fighter tir.plan••

a. • 6°

Di.tane. Inl.t-Telooity ratio~ v1/Vo
torw.rd
lip Basic
lead113g 0 0•• 0.8 0.8 1.0 1.25 1.15 ttl••-
edge (in.) lag.

-2 0.4:51 0.37'8 0.189 -0.04:2 -0.57'9 -1.278 -2.Hl O.~

1i .535 .274 .210 .126 -.172 -.557 -1.07'S .08S

·4 .635 .263 .252 .210 .088 -.124 -.S51 .021

7i .461 .25$ .2S1 .168 .086 -.~1 -.155 .021

10i .S86 .2S2 .14:7 .110 .021 -.062 -.14:4: 0

13i .S22 .126 .042 -.04:2 -.107 -.16& -.248 -.021

lsi .236 0 -.084 -.147 -.214 -.247 -.309 0

191- .107 -.126 -.189 -.262 -.300 -.3S0 -.S92 -.063

31 -.193 -.295 -.295 -.336 -.343 -.330 -.372 -.021

36i -.215 -.253 -.274 -.274: -.300 -.289 -.289 -.063

471- -.236 -.263 -.262 -.252 -.279 -.227 -.2..7 ---
sol -.268 -.274 -.274- -.262 -.300 -.268 -.268 ---
54 -.300 -.316 -.316 -.316 -.322 -.309 -.330 ---
56 -.322 -.33'1 -.336 -.316 -.343 -.330 -.330 ---

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
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Figure 6.- Simulated basic fuselage installation on modified fighter airplane in the Ames 40- by
aD-foot wind tunnel.
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